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The invention relates to the use of dendritic cells (DCs) ex- 
pressing Interleukin 12 (IL-12) . 

While there has been considerable progress in the development of 
techniques to identify tumor associated antigens, the traditional 
methods for delivering these antigens are, in many cases, crude 
and inadequate. Most adjuvants that are in principle available 
have been discovered empirically and their mechanism of immune 
stimulatory action is poorly \inderstood. In addition, pre-clini- 
cal studies suggested that most conventional adjuvants support 
the generation of some kind of immune responses but fail to 
elicit other important arms of. the immune system such as CTL ac- 
tivity. In particular, the generation of cytolytic anti-tumor im- 
munity could not be accomplished by such adjuvants. 

This led to the application of DCs as adjuvants. In such experi- 
ments DCs pulsed in vitro with tumor associated antigen caused 
tumor rejection in experimental mouse tumor systems and increased 
anti-tumor immunity in patients. DCs capture and process antigens 
in the periphery, migrate to lymphoid organs, express lymphocyte 
co-stimulatory molecules,, and secrete cytokines to initiate and 
guide immune responses. 

Antigen is presented by DCs on MHC class I and class II mole- 
cules, which bind peptides, during their biosynthetic maturation 
thus providing a continuously updated display of the intracellu- 
lar and environmental protein composition. T-cell receptors on 
cytotoxic T-lymphocytes (CTL) recognize antigenic peptides bound 
to MHC class I molecules, while MHC class Il-peptide complexes 
are being recognized by helper T-lymphocytes (HTL) . 

Some maturation stimuli lead to type 1 HTL polarization charac- 
terized by IL-12 release [Cella, 1996] that subsequently supports 
the development of cytolytic immunity. Others fail to do so and 
favor type 2 HTL polarization that supports himoral immunity. 
Lipopolysaccharide (LPS) is a classical maturation stimulus that 
results in IL-12 secretion from DCs [Hilkens, 1997]. How:ever, it 
was shown [Langenkamp, 2000] that after maturation with LPS DCs 
produced IL-12 only transiently and became refractoiry to further 
stimulation. The exhaustion of cytokine production impacted the 
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T-lymphocyte polarizing process. Soon after stimulation DCs 
primed strong type 1 HTL responses, whereas at later time points 
the same cells preferentially primed type 2 HTLs. 

It is therefore an object of the present invention to provide im- 
proved means for treating viral infections and tiomors using DCs.' 

The present invention therefore provides the use of dendritic 
cells (DCs) releasing interleukin 12 (IL-12) which are loaded 
with an antigen against a specific pathogen or a specific tumor 
for the preparation of a medicament for treating a patient having 
an infection with said specific pathogen or for treating a pa- 
tient having said specific tumor. 

Although it was known that it is possible to induce IL-12 release 
in DCs, this concept has not been regarded as being suitable and 
necessary for treating tumor patients or for treating patients 
which have severe viral infections. This was mainly due to the 
fact that the IL-12 release of DCs is transient and therefore 
suitable for inducing a sufficient cellular immune response 
against the tumor or the pathogen only during a limited time win- 
dow. Surprisingly, it could be shown with the present invention 
that the application of this concept to trigger the secretion of 
large amounts of IL-12 from DCs e.g. by exposure to a combination 
of LPS and IFN-y under fetal calf serum free culture conditions 
resulted in a stabilisation of the disease for a prolonged period 
of time without any major toxic side effects. It is, however, im- 
portant to deliver the DCs according to the present invention in 
a state, where IL-12 release still takes place, i.e. immediately 
after the preparation of the tumor- or pathogen-specif ic IL-12 
releasing DCs or at least within 1 to 10, especially within 2 to 
6 hours thereafter, ideally about 2 hours after completion of the 
preparation. The present invention therefore also relates to a 
method for administration of the DCs according to the present in- 
vention in an effective amount to a tumor patient or a patient 
being infected with the specific pathogen. 

indeed, the treatment provided with the present invention is well 
tolerated. It could therefore be shown by the present invention 
that such active DCs, in contrast to exhausted DCs that do not 
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produce IL-12 any more, were able to induce cytolytic immunity in 
a human in vitro model and tumor rejection in a mouse tumor 
model . First preliminary re sults of a clinical phase I of the _ 
present invention are reported in the example section of the pre- 
sent application which show the feasibility and lack of toxicity 
of an IL-12 secreting DC-ATIT (anti-tiomor immune therapy) immune 
therapeutic for the treatment of cancer. 

A preferred method for stimulating IL-12 release in DCs is the 
treatment of DCs with lipopolysaccharide (LPS) , interf eron-garama 
(iFN-y) or combinations thereof. Another method to trigger IL-12 
release from DCs is the delivery of a signal mediated by the in- 
teraction of the CD40 molecules on the surface of DCs with its 
ligand CD40L. The combination of LPS and iFN-y shows the best IL- 
12 stimulation in the present therapeutic setting for the phase I 
trial according to the present invention ^ 

The use or method according to the present invention is also pre- 
ferred for patients which have suffered a bone marrow transplan- 
tation which are suffering from a viral infection that is caused 
by immune deficiency in the course of bone marrow transplantation 
before the treatment with the DCs according to the present inven- 
tion. 

The present invention may be used for a wide range of pathogens 
or tumors. Preferably, the specific tumor to be treated with the 
DCs according to the present invention is a solid advanced malig- 
nancy. In principle, any tumor at any stage may be the target of 
a cytolytic immune response that is induced with DCs according to 
the present invention. 

The present invention is preferably performed using autologous 
DCs. Therefore, it is preferred to use DCs or precursor cells of 
DCs having been taken from the patient having an infection with 
said specific pathogen or from the patient having said specific 
tumor or in the context of a bone marrow transplantation from the 
bone marrow donor. These autologous DCs are connected with the 
lowest adverse reactions, because they are recognised as *'self" 
by the patient's immune system. 




Loading of the DCs may be carried out with any antigen or antigen 
mixture being specific for the txmor or pathogen, e.g. with iso- 
lated or chemically or recombinantly produced polypeptides. Pref- 
erably, however, the DCs are loaded with an antigen from a tumor 
cell lysate from said patient having said specific tumor. Such 
autologous tumor preparations show significant successes in 
clinical trials according to the present invention. 

For appropriate tracking and controlling of the administration of 
the DCs and the immiinological response of the patient thereto, it 
is preferred to charge the DCs additionally with a tracer anti- 
gen, especially with keyhole limpet hemocyanine (KLH) . in princi- 
ple, each neoantigen, that is an antigen that was never before 
encoTintered by the human immune system, is suitable as a trancer 
antigen . 

In order to further enhance the immune response for the present 
invention it may be preferred to additionally charge the DCs with 
an adjuvant, especially with tetanus toxoid. In principle, each 
recall antigen, that is an antigen against a strong immune re- 
sponse may be expected because of previous routine vaccinations, 
is suitable as an adjuvant antigen. 

The source of DCs is not critical. Since preparing DCs from 
pheripheral blood mononuclear cells (PBMCs) , it is also preferred 
to generate the DCs to be used according to the present invention 
from pheripheral blood mononuclear cells (PBMCs), especially 
PBMCs from the patient to whom the DCs should then be transferred 
after loading. 

According to another aspect, the present invention also relates 
to DCs releasing interleiikin 12 (iL-12) which are loaded with an 
antigen against a specific pathogen or a specific tumor. 

Preferably, the DCs according to the present invention release 
IL-12 due to the treatment with lipopolysaccharide (LPS) , inter- 
feron-gamma (IFN-y) .or combinations thereof. 

The DCs according to the present invention may preferably be 
loaded with an antigen from a tumor cell. That antigen may be 



generated by lysis of tuunor cells or tvimor tissue, the t\amor an- 
tigen may be generated in any recombineuit e^^ression system, or 
small p epti des derived fro m the tumor antigen may be generated by 
chemical synthesis. 

According to a preferred embodiment, the DCs according to the 
present invention are additionally charged with a tracer antigen. 

The invention is further described by the following examples and 
the drawing figures, yet without being restricted thereto. 

Figure 1: Immune phenotye of immature and mature DCs. A typical 
imm\ane phenotype of DCs before (open histograms) and after 
(closed histograms) exposure to an LPS/IPN-Y maturation stimulus 
is depicted. 

Figure 2: Mixed leukocyte reaction. DCs were maturated with 
LPS/IFN-Y and used to trigger proliferation in allogeneic lympho- 
cytes. As positive control the superantigens SEA and SEB were 
used. The mean ± SEM of 18 independent experiments is shown. 

Figure 3: IL-12 p70 heterodimer production by DCs. DC cultures 
were maturated with LPS/IFT^J-y and the IL-12 secretion was deter- 
mined after 24 hours. Individual data (left side) and mean ± SEM 
(right side) from 23 independent experiments are shown , 

Figure 4: Antigen-specific expansion of autologous T-lymphocytes . 
Active (full circles, n=10) and exhausted (open circles, n=10) 
DCs loaded with autologous soluble lysate of LCLs were used for 
the antigen-specific expansion of T-lymphocytes. Shown is the ab- 
solute cell n\amber as mean ± SEM at the days of re-stimulation on 
a logarithmic scale. 

Figure 5: Subset distribution of CD3-positive T-lymphocytes dur- 
ing antigen-specific e3<pansion. Active DCs (upper panel, n=10) 
and exhausted DCs (lower panel, n=10) charged with autologous 
LCL-derived lysate were used to stimulate autologous T-lympho- 
cytes weekly for four weeks. The subset distribution of CD3-posi- 
tive T-lymphocytes was determined weekly by immune phenotypihg 
(CD4-positive HTLs, full bars; CD8-positive CTLs, open bars). The 
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percentage of the siibpopulations is given as mean ± SEM on the 
days of re-stimulation. 

Figure 6: Cytolytic activity of T-lymphocytes after antigen-spe- 
cific expansion. Active DCs (full circles, n=3) and exhausted DCs 
(open circles, n=5) charged with autologous LCL-derived lysate 
were used to stimulate autologous T-lyxnphocytes weekly for four 
weeks. On day 28 the cytolytic activity of the expanded T- lympho- 
cyte population was analyzed. Shown is the percentage of specific 
lysis as mean ± SEM at the indicated effector/ target ratios. 

Ficrure 7: Immune phenotye of immature and mature mouse DCs. A 
typical immune phenotype of DCs before (open histograms) and af- 
ter (full histograms) exposure to a LPS/IFN-y maturation stimulus 
is shown. Results of one representative experiment are depicted. 

Figure 8: Concentration of IL-12 p70 heterodimer in the culture 
supernatants. after different LPS/IFN-y stimulation periods. DCs 
were washed 2 hours after LPS/IFN-y stimulation and re-cultured 
for 24 hours in DC cultivation medium or left for 24 hours in me- 
dium without removing LPS and IFN-y. Data of three experiments 
are shown as mean ± SEM. 

Figure 9 : Protection of mice from a tumor expressing NPT as a 
model antigen. Groups of 5 mice were immunized as indicated with 
active or exhausted DCs, or control reagents. The DCs were 
charged with K-Balb-NPT lysate (full bar), recombinant NPT pro- 
tein (hatched bars) , or NPT-derived synthetic peptides (open 
bars) . For the tumor challenge K-Balb wild type tumor cells and 
K-Balb-NPT tumor cells were used. The controls were challenged 
with K-Balb-NPT tumor cells. One representative experiment is de- 

EXAMPLE 
UKfFHODS 

S#»a^r€ition of human dendritic cells 

Peripheral blood mononuclear cells (PBMC) are collected by leu- 
kapharesis (Amicus, Baxter, Vienna, Austria) . The leukapheresis 
product is diluted with PBS 1:5 and Ficoll-Hypaque (Amersham 




Pharmacia Biotech AB, Uppsala, Sweden) soiution is layered xmder- 
neath. The gradient is centrifuged 30 min at 2200 rpm, 18 <> to 
20°c, w-ii-hout brake. The PBMC layer is transferred to another 
centrifuge tube and the cells are washed with excess PBS. The 
PBMCs are coiinted on a Sysmex F820 (Sysmex, Kobe, Japan) instru- 
ment and frozen in appropriate aliquots. For DC . generation one 
aliquot of PBMCs is thawed and counted. One million DCs /ml are 
cultivated in AIM-V medium (Invitrogen Corporation, Bethesda, MD) 
with 1% pooled h\aman AB plasma (Octaplas, Octapharm, Vienna, Aus- 
tria) for two hours at 37°C in a humidified incubator. Non-adher- 
ent cells are removed by carefully rinsing the plate. The 
adherent cells are cultivated for 5 days in AIM-V medium supple- 
mented with 2% human plasma, 400 U/ml IL-4 (Pan Biotech GmbH, 
Aidenbach, Germany), and 1000 U/ml oyi-CSP (Roche, Basel, Switzer- 
land) . On day 5 the cells are recovered, washed with PBS, and re- 
suspended in AIM-V without plasma. One million DCs/ml are exposed 
to 1-10 ]ig of antigen for 2 h at 37oc. Without washing the DC 
culture is supplemented to a final concentration of 200 U/ml LPS 
(US Pharmacopeia, Rockville, MD) , 50 ng/ml iFN-y (Boehringer 
ingelheim, Vienna, Austria), 400 U/ml IL-4, 1000 U/ml GM-CSF, and 
human plasma to a final concentration of 2%. The cells are incu- 
bated for 2 hours at 37 °C for application as active IL-12 releas- 
ing DCs and for 48 ho\ars for application as exhausted DCs. After 
completion of the maturation step the DCs are washed twice with 
PBS. 

Generation of mouse dendritic cells 

in contrast to human DCs, murine DCs are generated from bone mar- 
row stem cells. Other than that the procedure is similar to the 
hiiman system. Mouse bone marrow stem cells of Balb/c mice are 
collected from the long bones by cutting off the ends of the 
bones and flushing the shafts with a small syringe. The bone mar- 
row cells are cultivated in RPMI medium (Invitrogen Corporation, 
Bethesda, MD) with 10% fetal calf serum (PAA Laboratories, Linz, 
Austria) for 6 days in the presence of the 5 ng/ml murine IL-4 
and 3 ng/ml murine GM-CSF (both purchased from Invitrogen Corpo- 
ration, Bethesda, MD) on a 24 well plate at a density of 10« 
DCs /well. The loading with antigen is done in the same way as for 
hvaaan DCs (see above) . For maturation LPS is used at a concentra- 
tion of 100 ng/ml and murine IFN-y (Invitrogen Corporation, Be- 
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thesda, MD) is used at a concentration of 10 ng/ml . The animal 
safety committee of the University of Vienna Medical School ap- 
proved all animal experiments. 

Xnoaune phenotyping 

The immune phenotype is analyzed before and after maturation ac- 
cording to standard procedures. igG-Fc receptors are blocked by 
adding 50 ul 4% IgG solution to each test tube. For the analysis 
of human DCs the following MAB pairs are used: IgG FITC - IgG PE; 
CD45 FITC - CD14 PE; MHCII FITC - MHCI PE; CDla FITC - CD83 PE; 
CD86 FITC - CD80 PE. For the analysis mouse DCs the MABs CDllb 
PE, CDllc FITC, MHC II PE, CD80 PE, CD40 FITC, CD86 PE were used. 
MABs were purchased from DAKO, Glostrup, Denmark, Immimotech, 
Marseille, France, or Invitrogen Corporation, Bethesda, MD. Plow 
cytometry is done using a FACScan instrument (Becton Dickinson, 
San Jose, CA) . 

Mixed leukocsrte reaction 

PBMCs are isolated by gradient centrifugation from peripheral 
blood as described above and resuspended in AIM-V/2% human 
plasma. The DCs (10.000, 2.000, or 400) are placed in triplicates 
(100 ]il per well) on a 96 well round bottom plate and 10^ alloge- 
neic MNCs in 100 ul mediiam are added to each well. For a positive 
reference 10^ MNCs are stimulated in 100 ij.1 medium with 
Staphaphylococcal enterotoxin A/B (SEA/SEB, Toxin Technologies 
Inc., Sarasota, FL) to 100 ng/ml final concentration. The mixed 
cells are incubated for 4 days. On day 4, 25 ul of tritium 
thymidine solution (NEN Life Science Products, Boston, MA) are 
added to each well and the cells are incubated for another 18 
hours. Finally, the cells are harvested with a Skatron (Skatron, 
Iiier, Norway) harvesting device and the incorporated tritixim 
thymidine is covmted on a Trilux beta-counter (Wallac Oy, Turku, 
Finland) 

IZi-12 ELiISA 

The appropriate number of wells is coated with IL-12 antibody 
(Invitrogen Corporation, Bethesda, MD) in PBS and the plate is 
i nnnb ated over night at 4^C. On the next day the plate is washed, 
250 ul of blocking solution (2% bovine serum albumine in PBS) is 
added and the plate is incubated at room temperature for 3 hours . 
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The plate is washed again and the samples and IL-12 standards 
(Invitrogen Corporation, Bethesda, MD) are added at the appropri- 

ate dilution. Standard c oncentratio ns a re 2500, 5 00, 100, 20 , 4 

pg/ml. The plate is incubated at room temperature over night. Af- 
ter another washing step 75 m1 biotinylated IL-12 antibody solu- 
tion (Invitrogen Corporation, Bethesda, MD) is added, the plate 
is incubated at room temperature for 4 hours, washed again and 75 
III streptavidin-alkaline phosphatase (Chemicon, Temecula, CA) so- 
lution is added. After 1 hour incubation at room temperature, 100 
VlI PNPP (Sigma, St. Louis, MO) in diethanolamine buffer (48 ml 10 
M diethanolamine , 0.25 ml 1 M MgCl2, 20 ml 3 M HCl, adjust to 
500 ml water and pH = 9.8) is added and the plate is incubated 50 
minutes in the dark at room temperature. Finally, 50 ul 3 M NaOH 
is added to stop the reaction and the plate is measured with an 
ELISA plate reader (Anthos, Salzburg, Austria) at 405 nm using 
690 nm as reference wavelength. 

In vitro induction of a cytoljrtic iminune response 

EBV transformed lymphoblastoid B cell lines (LCL)were generated 
by infection of B-lymphocytes with EBV produced by B95.8 cells, 
LCLs were grown in RPMI medium (Life Technologies, Grand Island, 
NY) supplemented with 10% fetal calf serum (PAA Laboratories, 
Linz, Austria) and L-Glutamin. Continuously growing cultures were 
transferred to RPMI medium supplemented with 4% human plasma. 
Lysates of LCLs were prepared by five freeze thaw cycles in ster- 
ile water. Particulate components were removed from the protein 
solution by centrif ugation. The protein concentration was deter- 
mined using a Bio-Rad protein assay (Bio-Rad, Munich, Germany) 
according to the specifications of the manufacturer. 
Autologous lymphocytes were exposed at a previously optimized ra- 
tio of 5:1 to DCs charged with LCL-derived soluble protein. As 
negative control unloaded DCs were used. The cultures were kept 
in X-VIVO 15 medium (Bio-Whit taker, Watersville, MD) supplemented 
with 1% hioman plasma, and 10 ng/ml IL-2 ( "Proleukin" , Chiron, Em- 
eryville, USA) at a starting concentration of 1 x 10^ lympho- 
cytes/ml. The lymphocytes were re-stimulated every week for four 
weeks. The cell ntunber was determined using a Coulter Z2 instru- 
ment (Coulter, Hialeah, FL) . The lymphocyte subset distribution 
was analyzed by flow cytometry using monoclonal" antibodies 
against CD3, CD4, and CDS (all purchased from Invitrogen Corpora- 
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tion, Bethesda, MD) according to standard procedures. 



The cytolytic activity generated in the T-lymphocyte cultures was 
determined against fresh autologous and allogeneic target cells. 
LCLs were washed in medium and re-suspended in 1 ml buffer con- 
taining 80 pM EuCla (Fluka, Buchs , Switzerland), 400 m DTPA-Na2, 
250 ug/ml dextransulf ate (MW 500,000), 50 itiM Hepes (pH 7.4), 93 
mM NaCl, 2 rrtM MgClz, and 5 iriM kcI (all from Merck, Darmstadt, 
Germany) and incubated for no longer than 15 min at 4 °C on a 
turning wheel. Siibsequently, 20 ul CaCl2 were added and incuba- 
tion continued for another 5 min and washed 3 times in a buffer 
containing 50 mM Hepes (pH 7.4), 93 mM NaCl, 2 mM MgCl2. SmM KCI, 
2 mM CaCl2, and 10 mM glucose. The pellet was re-suspended in 20 ' 
ml medium and pre-inciibated on a shaking platform in 75 cm^ tis- 
sue culture flasks for 40 min at 37oc. Finally cells were washed 
again, re-suspended in medium and adjusted to 5 x lOVml. 100 \xl 
of this cell suspension was transferred into the appropriate num- 
ber of wells on a 96 well roiond bottom plate. Additional wells 
were set up for determination of spontaneous and maximum release 
(the latter by lysing the cells in 1% Triton X-100) of Eu from 
LCLs. The pre-stimulated T-lyntphocytes were collected, washed 
once, and adjusted to an effector/ target ratip of 25/1, 12.5/1, 
and 6.25/1 (final volume 200 uD . The plate was centrifuged at 
500 rpm for 5 min without breaking. After 4 hours incubation at 
37°C the plate was centrifuged again and 25 ul of the super- 
natants was transferred into a 96 well flat bottom plate and 
stored at 4°C. Before measurement, 200 ul enhancement solution 
was added, the plate was carefully shaked and the fluorescence 
was analyzed by time-resolved fluorimetry on a Wallac 1420 VICTOR 
multilabel counter (Wallac, Turku, Finland) . Results were calcu- 
lated as percentage specific lysis hy the formula: % Lysis = (Ex- 
perimental Counts - Spontaneous Release) x 100 / (Maximum Release 
- Spontaneous Release) . 

Mouse tumor model 

The mouse tumor cell line K-Balb that is syngeneic to Balb/c mice 
was used. This cell line was engineered to express neonycin phos- 
photransferase (NPT) by retroviral gene transfer. This xenogeneic 
protein served as an artificial tumor antigen in immunization ex- 
periments. Three antigen sources were used. First, recombinant 
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ethics committee of the St, Anna Children's Hospital, Vienna, 
Austria approved this clinical trial. 

Peripheral blood mononuclear cells were collected from patients 
by leukapheresis and DCs generated as described above. The DCs 
were loaded with 10 ug/10^ DCs /ml autologous tumor cell lysates 
generated by five freeze-thaw cycles and removal of particulate 
components by centrifugation. The concentration of soluble pro- 
tein was determined as described for LCL-derived lysates. In ad- 
dition DCs were charged with keyhole limpet hemocyanine (KLH) 
that was used as a tracer antigen in delayed type hypersensitiv- 
ity (DTH) testing and with tetanus toxoid (TT) as an adjuvant 
(both substances were purchased from Calbiochem, San Diego, CA) . 
Subsequently the DCs received an LPS/IFN-y maturation stimulus 
for 2 hours. The antigen loaded DCs were washed three times and 
mixed at a ratio of 1:1 with irradiated autologous tumor cells. 
DCs (1-10 X lO^/m^) were injected close to tumor free lyntph nodes 
at weekly intervals for three weeks with a resting-period of 
three weeks after three injections. This procedure was repeated 
three times. Furthermore patients received treatment with IPN-y 
to enhance the expression of MHC class I molecules thereby con- 
tributing to the prevention of escape from cytolytic immunity. 
IFN-y was administered during the three weeks of tumor vaccine 
application by three sxabcutaneous injections per week at standard 
dosages . 

A basic evaluation of clinical and laboratory parameters as well 
as disease monitoring was carried out before and after treatment 
by the appropriate methods. Other diagnosis was done as deemed 
clinically necessary. Side effects of the treatment were evalu- 
ated according to WHO standards. DTH testing against KLH and 
against irradiated tumor cells was used to assess the efficiency 
of the iiranunization procedure. Tximor cell lysate (1 y.g in 100 ]xl 
NaCl), KLH (1 ^g in 100 ]xl NaCl) , 100 ]il DC cultivation meditim, 
or 100 ]il NaCl were injected intradermal ly. The swelling and red- 
ness at the injection site was used as a measure for the induc- 
Ll^fL of an immune response. 
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1. Analysis of human dendritic cells 

1>1> Immune phenotroe _ 

Immature DCs were generated and subjected to an LPS/IFN-7 matura- 
tion stimulus. The immune phenotype was analyzed before and after 
maturation for up-regulation of the DC marker CD83, up-regulation 
of the co-stimulatory molecules CD80 and CDS 6, up-regulation of 
MHC class I and MHC class II molecules, and down-regulation of 
the monocyte marker CD14; Also included was an analysis of the 
CDla molecule that is supposed to be up-regulated on immature 
DCs, the common lexikocyte marker CD45, and isotype controls. All 
markers showed the typically expected modulation except CDla, 
which appears to be a feature of DCs cultivated in medium supple- 
mented with human plasma instead of fetal calf serum (figure 1) . 

1.2. Mixed Leukocyte Reaction 

Mature DCs were co-cultivated with allogeneic PBMCs in order to 
analyze the stimulatory capacity of DCs. It was shown consis- 
tently that DCs es^osed to a LPS/IFN-y maturation stimulus could 
trigger proliferation of allogeneic lymphocytes that was compara- 
ble when using the superantigens SEA and SEB as a proliferation 
stimulus (figure 2) . 

1.3. XI«-12 Secretion 

The supernatant of DC cultures 24 hours after exposure to the 
liPS/lFN-y maturation stimulus was collected and the concentration 
of IL-12 p70 heterodimeric molecules was determined. The mean IL- 
12 concentration was 2,4±0,4 ng/lO^DCs/ml (figure 3). DCs that 
were maturated for 2 hours emd re-cultured for 24 hours produced 
almost equal amounts of IL-12 p70 heterodimer as DCs that were 
maturated for 24 hours. 

2. In vitro Generation of Cytolytic Immunity 

DCs were loaded with LCL-lysate derived soluble protein and used 
to stimulate autologous T-lymphocytes . The stimulation was re- 
peated four times in weekly intervals. On the day of the stimula- 
tion the cell number was recorded and the percentage of HTLs and 
CTLs was determined. The cytolytic activity of the cultures was 
analyzed in a CTL assay on day 28. The stimulatory capacity of 
IL-12 secreting "active" DCs was compared with the stimulatory 




capacity of "exhausted" DCs that do not release IL-12 any more. 



2.1. Antig-en-speciflc eacpansion of T-lynqphocytes 

An approximately equal antigen-specific expansion of T-lympho- 
cytes obtaining 531±198 million T- lymphocytes was observed when 
active DCs where used for stimulation and 318±228 million T-lym- 
phocytes when using exhausted DCs for stimulation (Figure 4) . 
Also at the earlier time points no major differences in the 
growth kinetics of antigen-specific T-lymphocytes were observed 
even though T-lymphocytes exposed to active DCs tended to prolif- 
erate better compared to exposure to exhausted DCs. 

2.2. Distribution of T-lymphocyte sulqpopulations during antigen- 
specific eacpansion 

At each re-stimulation time point the subset distribution of CD3- 
positive T-lymphocytes was determined by immune phenotyping (Fig- 
ure 5). When using lL-12 secreting active DCs (n=10) a gradual 
decline in the percentage of CD4 positive HTLs (from 77±4% to 
44±7%) was observed acconrpanied by a relative increase of CD8- 
positive CTLs (from 23±6% to 56±7%) . In contrast, when exhausted 
DCs (n=10) were used for stimulation of T-lymphocytes, both, the 
percentage of HTLs (79±4% on day 7 and 73±3% on day 28) and the 
percentage of CTLs (21±4 on day 7 and 2 7 ±3% on day 28) remained 
stable. This resulted in a significantly higher percentage of 
HTLs when comparing cultures that were stimulated with exhausted 
DCs with cultures that were stimulated with active DCs (p=0,0016 
on day 28) . The opposite effect was found by comparing the per- 
centage of CTLs that was significantly higher after stimulation 
with active DCs as compared to stimulation with exhausted DCs 
(p=0,0016 on day 28).' 

2.3. Cytolytic activity of T-lyn^hocytes after antigen-specific 
eacpansion 

T-lymphocytes were exposed to LCL-lysate charged IL-12 secreting 
active DCs (n=3) or to exhausted DCs (n=5) that do not release 
IL-12 . The cultures were re-stimulated weekly for four weeks and 
subjected to analysis of cytolytic activity on day 28. The spe- 
cific lysis reached 55±9% after stimulation with active DCs com- 
pared to 12±5% after stimulation with exhausted DCs (p=0,0034) at- 
the highest effector/ target ratio of 25/1. The same tendency was 
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evident at an effector /target of 12,5/1 (27±7% vs. 7±2%, 
p=:0,0125) and 6,25/1 (30±8% vs. 4±1%, p=0,0047). 



3. Analysis of murine dendritic cells 

3.1. Zmnnme phenotype 

Murine DCs were maturated with LPS/IFN-y and the immune phenotype 
of immature and mature DCs was analyzed. MABs directed against 
CDllb, CDllc, MHC II, CD80, CD40, CD86 were used to characterize 
the maturation status of DCs. The typical CDllb/CDllc phenotype 
of mature DCs was consistently detected. Also up-regulation of 
the co-stimulatory molecules CDBO and CD86 was found as well as 
of CD40 and MHC II molecules. 

3.2. XL-12 Secretion 

The content of DC culture supernatant was analyzed for the pres- 
ence of lL-12 one day after exposure to the LPS/IFN-y maturation 
stinvulus. DCs were washed 2 hours after LPS/IFN-y stimulation and 
re-cultured for 24 hours in DC cultivation medium (active DCs) or 
left for 24 hours in medi\im without removing LPS and iFN-y (ex- 
hausted DCs) . in general about 2 ng/10« DCs /ml were detected 
(figure 8) . DCs that were maturated for 2 hours produced almost 
equal amounts of IL-12 p70 heterodimer as DCs that were maturated 
for 24 hours. 

4. induction of anti-tumor immunity in a mouse tumor model 

Having obtained suggestive evidence for the iit5>ortant role of IL- 
12 in the induction of a cytolytic immtone response in vitro it 
was atten^ted to confirm these data in vivo. For that purpose a 
mouse tumor model was designed that allowed to immunize against a 
specific model antigen. The mouse tumor cell line K-Balb was en- 
gineered to express the bacterial protein NPT, which confers re- 
sistance to the neomycin analogue G418 . Also recombinant NPT 
protein was produced in a bacterial expression system and affin- 
ity purified. Finally, an epitope prediction software was used to 
identify NPT-derived nonameric peptides with a high probability 
of binding to the antigen-presenting H-2b molecules of DCs from 
Balb/c mice. 



Iiranature DCs were charged with the synthetic NPT-derived 
nonameric peptides, recombinant NPT protein, or soluble protein 
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obtained from K--Balb-NPT cells by repeated freeze/thaw proce- 
dures. The loaded DCs were exposed to LPS/lFN-y for 2 hours and 
injected into the animals in groups of 5 mice as IL-12 secreting 
active DCs, or maturated for 24 hours with LPS/lFN-y, washed and 
injected as exhausted DCs that have lost their ability to release 
IL-12 . In control groups mice were injected with irradiated K- 
Balb-NPT tumor cells, recombinant NPT protein, NPT-derived syn- 
thetic peptides, or with unloaded DCs. The immunized mice were 
challenged with NPT- transgenic K-Balb-NPT cells or with K-Balb 
wild type cells and .the tumor growth was monitored (figure 9) . 

Independent of the immiinization regime mice challenged with wild 
type K-Balb tumor cells developed progressively growing tumors . 
The scime was true in the control groups with the exception of 1 
mouse after immvmization with unloaded DCs, Most importantly, in 
the groups of mice that were immunized with IL-12 secreting ac- 
tive DCs and challenged with K-Balb-NPT tumor cells, most of the 
mice were able to reject the tumor (3/5 immunized with K-Balb-NPT 
lysate loaded DCs, 5/5 immunized with .DCs charged with recombi- 
nant NPT protein, 4/5 immunized with synthetic peptide loaded 
DCs) . In contrast, almost all mice immunized with exhausted DCs 
were unable to reject K-Balb-NPT tumors (1/5 immunized with K- 
Balb-NPT lysate loaded DCs, 0/5 immunized with DCs charged with 
recombinant NPT protein, 1/5 iiranxinized with synthetic peptide 
loaded DCs) . All mice challenged with K-Balb wild type t\amor 
cells developed progressively growing t\amors providing evidence 
for an antigen-specific* rejection response targeted at the NPT 
protein expressed by K-Balb-NPT tumor cells. 

Phase I trial to demonstrate feasibility and lack of toxicity of 
an III- 12 -secreting* DC iiomune therapeutic 

Patients suffering from solid pediatric malignancies that had no 
more conventional treatment options were included in this trial . 
The main objectives were to assess the feasibility and the toxic- 
ity of DC-ATIT. 2 0 patients have enrolled in the study and 12 
have completed the treatment. The individual DC-ATIT immxine 
therapeutics fulfilled all quality criteria including an immune 
phenotype typical for immature . and mature DCs, respectively, re- 
lease of 1 to 5 ng IL-12/ 10^ DCs /ml, and a good stimulatory ca- 
pacity in a mixed leukocyte reaction. The DC-ATIT immune 
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therapeutic could be generated in sufficient quantity to complete 
the treatment schedule. 



Table 1: 

Patients included into the clinical phase I DC-ATIT trial- 



Patient 


Diagnosis Age 


Sex 


Cycles 


SHOOl 


Hepatocellular carcinoma 15 


M 


3 


TM002 


Osteosarcoma 21 


M 


3 


JS003 


Hepatocellular carcinoma 10 


F 


1 


BG004 


Osteosarcoma 17 


F 


1 


AE005 


Osteosarcoma 8 


M 


3 


KR006 


Renal cell carcinoma 7 


M 


3 


SiH007 


Ewing sarcoma 22 


P 


3 


SAO 08 


Hepatocellular carcinoma 13 


M 


2 


LS009 


Non-Hodgkin lymphoma 14 


M 


0 


BTplO 


Neur obi as t oma 2 0 


F 


0 


AROll 


Wilms tijmor 11 


F 


3 


JS012 


Renal cell carcinoma 16 


F 


3 


SH(2) 013 


Hepatocellular carcinoma 15 


M 


3 


RC014 


Wilms tiomor 12 


F 


3 


JS(2) 015 


Renal cell carcinoma 16 


F 


3 


NH016 


Ewing sarcoma 13 


F 


0 


TP017 


Ewing sarcoma 22 


M 


0 


GK018 


Osteosarcoma 15 


M 


0 


MK019 


Osteosarcoma 10 


F 


3 


LS020 


Osteosarcoma 13 


F 


3 





The treatment was well tolerated and could be given in an outpa- 
tient setting. No major toxic side effects of the treatment were 
observed. Mild fever, most likely caused by an accompanying iFN-y 
treatment that was applied with the intention of in situ up-regu- 
lation of MHC class I molecule egression on tumor cells, could 
be controlled by antipyretics. Itching at the injection site of 
the DCs was treated locally with antihistaminics . 

As an in vivo assay for the response to the DC-ATIT delayed type 
hypersensitivity testing was performed. Patients were injected 
intradermally with irradiated autologous tumor cells or the 
tracer antigen KLH as well as with a medium control arid a nega- 
tive control. All patients that completed the treatment showed a 
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positive response to KLH. This provides convincing evidence that 
the DC-ATIT had the ability to trigger immunity. However^ no 
anti-tumor immunity could be detected in these assays. The con- 
trol injections did not result in any response. 

All patients had advanced disease and had a history of extensive 
chemo- and radiotherapy as well as repeated surgeries. Hence, no 
objective tumor regression was observed in this trial. However, 
several of the patients had stable disease for a prolonged period 
of time, 

DXSSCUSSION 

Successful induction of IL-12 secretion by DCs appears to play a 
key role in generating a type 1 HTL response, which supports 
anti-tumor CTL activity [Cella, 1996] , In response to LPS, DCs 
produce IL-12 only transiently until about 18 to 20 hours after 
maturation [Langenkamp, 2000] . Hence, DCs taken at early time 
points after induction of maturation induce strong type 1 HTL po- 
larization, whereas the same cells taken at late time points 
prime type 2 HTL polarized cells. These findings indicate a dy- 
namic regulation of the generation of effector cell function. 

It was observed that IL-12 secreting active DCs were able to 
equally trigger the expansion of CTLs and HTLs. In contrast, ex- 
hausted DCs that had lost the ability to release IL-12 caused the 
predominant expansion of HTLs. Consequently, T-lymphocytes primed 
by' exposure to active DCs but not to exhausted DCs acquired the 
ability for antigen-specific lysis of target cells. Two model 
systems were used to demonstrate this. One was a hxman in vitro 
model that uses DCs charged with soluble protein from EBV-trans- 
fcrnied LCLs for stimulation of autologous T-lymphocytes. Antigen- 
specific lysis of LCLs could be shown in this system. The second 
model was a murine tumor model . It was found that mice were pro- 
tected from a tumor challenge after immunization with active but 
not with exhausted antigen-loaded DCs. Furthermore, a clinical 
pl^B^ I pilot trial was initiated to provide evidence for the 
feasibility and the lack of toxicity of IL-12 secreting DCs. 

Cytolytic immune responses mediated by CTLs are dependent on an- 
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tigen presentation via MHC class I molecules, which derive their 
coitigenic peptides from cytoplasmic proteins, either from endoge- 
nous lyL synthe sized self -pro t eins or from non -self proteins during 
the course of an intracellular infection. Current paradigms hold 
that only professional antigen-presenting DCs can induce a pri- 
mary immune response. Thus, DCs would have to take up non-self 
antigens from infected body cells in order to present them to 
CTLs, if they themselves are not infected and forced or enabled 
to synthesize these antigens endogenously . A large body of evi- 
dence, however, supports the concept that in DCs exogenous ly de- 
rived and sampled antigens are funneled primarily into the MHC 
class II antigen presentation pathway. To solve this apparent 
contradiction, the concept of cross-presentation was put forward. 
Supported by in vitro and in vivo evidence it implies the presen- 
tation of exogenous ly derived antigen in the MHC class I antigen 
presentation pathway by DCs. However, lately the importance of 
cross -presentation has been discussed controversially. 

Recently, DCs charged ex vivo with tumor-associated or virus-de- 
rived antigens were used for therapeutic purposes in anti-tiamor 
immune therapy or adoptive immune therapy for viral infections in 
immune compromised patients. In this context, cross-presentation 
is of central importance since frequently antigens are applied as 
soluble proteins. DCs exposed to these antigens will take them up 
by phagocytosis and without cross-presentation they would be 
processed exclusively in the MHC class II pathway and thus would 
not cause cytolytic immunity. The conditions that favor cross- 
presentation, however, are poorly defined and most evidence for 
the cross-presentation of exogenous antigens to CTLs that results 
in cytolytic anti-tumor or anti-viral iiranunity is indirect. 

In anti-t-omor and anti-viral immunity the role of CTLs received 
the most attention because most tumors or virus infected cells 
express MHC class I molecules but not MHC class II molecules. 
Moreover, CTLs are able to lyse cells directly upon recognition 
of peptide-MHC class I complexes, and their ability to eradicate 
large masses in vivo has been demonstrated. This preference has 
been bolstered by adoptive transfer studies in which CTL lines 
and clones specific for MHC class I restricted antigens that have 
been stimulated in vitro can mediate anti-tiimor or anti-viral im- 
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mxonity when transferred back into tumor-bearing hosts. Further- 
more, recent reports suggest that immunization using tumor pep- 
tides loaded onto DCs can result in productive anti-tximor 
[Nestle, 2001] as well as anti-viral immunity [De-Bruijn, 1998] . 

One conclusion that is implied by the present invention is that 
active DCs at early time points after maturation with LPS/IFNy 
fulfill the conditions for cross-presentation of exogenous anti- 
gens to CTLs. In contrast, exhausted DCs appear to have lost this 
ability. According to the present invention the release of IL-12 
is used as a marlcer for active DCs [Langenlcamp, 2000] . However, 
it is conceivable that the effect of IL-12 on CTLs is mediated by 
type 1 polarized HTLs tliat in turn supports cross -presentation, 
CTL expansion, and cytolytic activity. A successful T-lymphocyte 
response against intracellular antigens such as virus-derived an- 
tigens or tTjmor-associated antigens is based on both, CTLs and 
HTLs. However, HTLs have received less attention, which is re- 
markable given the pivotal role of these cells in regulating most 
antigen-specif ic immune responses. While it had long been imag- 
ined that HTL help for the development of CTLs occurs via the 
elaboration of lymphokines, more recent evidence has indicated 
that a critical pathway for delivery of help for CTLs, that is 
dependent on HTLs, uses the DC as an intermediary. In particular, 
interactions between CD40L and CD40 on the HTL and the DC appear 
critical in activating the DC to present antigens to, and co- 
stimulate the priming of, CTL precursors . In this scenario, the 
DCs represent the critical conduits between HTLs and CTLs that 
are specific for epitopes restricted by MHC class II and MHC 
class I, respectively. In this context the finding of an approxi- 
mately equivalent amplification of HTLs and CTLs after stimula- 
tion with active but not with exhausted DCs seems to be of 
particular significance. 

Due to the convincing evidence in both model systems used accord- 
ing to the present invention a clinical phase I pilot trial was 
initiated. Patients suffering from advanced solid malignancies of 
childhood were treated with active IL-12 releasing autologous DCs 
that were charged with soluble protein derived from the patient's 
tumor. Clinical trials using tumor antigen loaded DCs were con- 
ducted for different neoplastic diseases. However, the DCs used 
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in these trials were either immature or matiored with TNPa. Such 
DCs do not have the ability to release IIi-12. Thus, in the light 
Qf the pre sent prec l inica l eagperime nts , the se DCs have to be con- 
sidered inferior to the IL-12 secreting DCs used in the present 
trial. All patients in the present study had advanced disease and 
had a history of extensive chemo- and radiotherapy. Hence, no ob- 
jective tumor regression was observed in these patients. However, 
several of the patients had stable disease for a prolonged period 
of time. The toxicity of the treatment with our DC immune thera- 
peutic was minimal . 

In summary, it was found in a hxoman in vitro model as well as a 
murine in vivo tiomor model that IL-12-secreting active DCs early 
after maturation in contrast to exhausted DCs that have lost 
their ability to release IL-12 at later time points support the 
generation of cytolytic immune responses in vitro. Active DCs are 
enabled for cross-presentation of exogenous antigens on MHC class 
I molecules to CTLs whereas exhausted DCs do not have that abil- 
ity. Expansion and cytolytic activity of CTLs is critically de- 
pendent on the presence of IL-12. The results provided with the 
present invention are of importance for the adoptive treatment of 
viral infections in immune compromised patients with ex vivo ex- 
panded antigen-specific T-lymphocytes . A clinical phase I pilot 
trial indicated the feasibility and the lack of toxicity of the 
treatment of neoplastic diseases with this DC immune therapeutic. 
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Claims : 



1. Use of dendritic cells (DCs) releasing interleukin 12 (IL- 
12) which are 3oaded~ with an" antigen "against a "sp'ecTf ic^pathogeh" 
or a specific tumor for the preparation of a medicament for 
treating a patient having an infection with said specific patho- 
gen or for treating a patient having said specific tumor. 

2. Use according to claim 1, characterized in that the DCs re- 
lease IL-12 due to the treatment of lipopolysaccharide (LPS) , in- 
terferon- gamma (IPN-y) or combinations thereof. 

3. Use according to claim 1 or 2, characterised in that said 
treatment is performed after bone marrow transplantation. 

4. Use according to any one of claims 1 to 3, characterised in 
that said specific tumor is an adveinced malignancy. 

5. Use according to any one of claims 1 to 4, characterised in 
that said DCs are DCs having been taken from the patient having 
an infection with said specific pathogen or from the patient hav- 
ing said specific tumor or from the bone marrow donor. 

6* Use according to any one of claims 1 to 5, characterised in 
that the DCs have been loaded with an antigen from a tvimor cell 
from said patient having said specific tximor. 

7. Use according to any one of claims 1 to 6, characterised in 
that the DCs are additionally charged with a tracer antigen. 

8. Use according to claim 7, characterised in that said tracer 
antigen is keyhole limpet hemocyanine (KLH) . 

9. Use according to any one of claims 1 to 8, characterised in 
that the DCs are additionally charged with an adjuvant, espe- 
cially with tetanus toxoid. 



10. Use according to any one of claims 1 to 9, characterised in 
that the DCs have been generated in vitro from pheripheral blood 
mononuclear cells (PBMCs) . 
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11. DCs releasing interleukin 12 (IL-12) which are loaded with 
an antigen against a specific pathogen or a specific tiomor. 

12. DCs according to claim 11, characterised in that the DCs re- 
lease IL-12 due to the treatment of lipopolysaccharide (LPS) , in- 
terferon-gainma (IFN-y) or combinations thereof. 

13. DCs according to claim 11 or 12, characterised in that the 
DCs are loaded with an antigen from a tumor cell lysate. 

14. DCs according to any one of claims 11 to 13, characterised 
in that the DCs are additionally charged with a tracer antigen, 
especially with keyhole limpet hemocyanine (KLH) . 

15. DCs according to any one of claims 11 to 13, characterised 
in that the DCs are additionally charged with an adjuvant, espe- 
cially with tetanus toxoid. 
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Sxjmmary ; 

The present invention discloses the use of dendritic cells (DCs) 
"releasing 'intirTeuT^^^ 
against a specific pathogen or a specific tumor for the prepara- 
tion of a medicament for treating a patient having an infection 
with said specific pathogen or for treating a patient having said 
specific tiimor. 
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